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Description
TECHNICAL FIELD

[0001] The presentinvention is for a vehicle capable of switching between manual driving by the driver and automated
driving and relates to a traveling assistance method that includes learning traveling data during the manual driving by
the driver and a driving control device that applies the learning result to traveling properties of the automated driving.

BACKGROUND ART

[0002] Conventionally, in order to enable reduction of strangeness that the driver feels during the automated driving,
a driving control device that learns driving operations of the manual driving by the driver has been disclosed as Patent
Literature 1. With the driving control device disclosed in Patent Literature 1, environment items such as the number of
lanes and weather are set, and during the manual driving, driving environments are specified based on the environment
items, and the driving operations by the driver are learned while being associated with the driving environment.

CITATION LIST

PATENT LITERATURE

[0003] Patent Literature 1: Japanese Patent Application Publication No. 2015-89801
SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, in learning a braking distance of a case where a vehicle stops at an intersection of a general road,
traveling data has great variation even under the same environment condition; thus, there has been a problem that
accurate learning of a braking distance that is based on the sensation of the driver cannot be performed.

[0005] The presentinvention is proposed in view of the above-described actual circumstances, and an object thereof
is to provide a traveling assistance method and a driving control device that enable accurate learning of a braking distance
that is based on the sensation of the driver.

SOLUTION TO PROBLEM

[0006] In order to solve the above-described problem, with a traveling assistance method and a driving control device
according to an aspect of the present invention, a braking distance of a case of stopping at an intersection during manual
driving by the driver is learned, and a braking distance of a case of no preceding vehicle in front of the vehicle is
preferentially learned.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] According to the present invention, it is possible to accurately learn a braking distance that is based on the
sensation of the driver.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

[Fig. 1] Fig. 1 is a block diagram that illustrates a configuration of a driving control system including a driving control
device according to an embodiment of the present invention.

[Fig. 2] Fig. 2 is a flowchart that illustrates a processing procedure of traveling property learning processing by the
driving control device according to the embodiment of the present invention.

[Fig. 3] Fig. 3 is a diagram that illustrates an example of data inputted by the traveling property learning processing
according to the embodiment of the present invention.

[Fig. 4] Fig. 4 is a diagram for describing a deceleration starting speed and a braking distance of a case where a
vehicle stops at an intersection.

[Fig. 5] Fig. 5 is a diagram for describing coefficients of a multiple regression analysis executed in the traveling
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property learning processing according to the embodiment of the present invention.

[Fig. 6] Fig. 6 is a diagram that illustrates an example of data that indicates a relationship of the deceleration starting
speed and the braking distance of a case of no preceding vehicle.

[Fig. 7] Fig. 7 is a diagram that illustrates an example of data that indicates a relationship of the deceleration starting
speed and the braking distance of not only the case of no preceding vehicle but all the cases.

[Fig. 8] Fig. 8 is a diagram that illustrates an example of data that indicates a relationship of the deceleration starting
speed and the braking distance of a case where the type of the driver is to start braking so as to make an average
rate of deceleration constant.

[Fig. 9] Fig. 9 is a diagram that illustrates an example of data that indicates a relationship of the deceleration starting
speed and the braking distance of a case where the type of the driver is to start braking so as to make TTI (Time
to intersection) constant.

[Fig. 10] Fig. 10 is a diagram for describing a method of determining a degree of carefulness by the traveling property
learning processing according to the embodiment of the present invention.

[Fig. 11] Fig. 11 is a diagram for describing the method of determining the degree of carefulness by the traveling
property learning processing according to the embodiment of the present invention.

[Fig. 12] Fig. 12 is a diagram for describing a method of determining a degree of preciseness by the traveling property
learning processing according to the embodiment of the present invention.

[Fig. 13] Fig. 13 is a flowchart that illustrates a processing procedure of automated driving control processing by the
driving control device according to the embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS
[0009] Hereinafter, an embodimentto which the presentinvention is applied is described with reference to the drawings.
[Configuration of Driving Control System]

[0010] Fig. 1 is a block diagram that illustrates a configuration of a driving control system including a driving control
device according to this embodiment. As illustrated in Fig. 1, a driving control system 100 according to this embodiment
includes a driving control device 1, a traveling state detection unit 3, a traveling environment detection unit 5, a driving
switching switch 7, and a control state presentation unit 9. In addition, the driving control system 100 is connected to an
actuator 11 mounted in a vehicle.

[0011] The driving control device 1 is a controller in the vehicle capable of switching between manual driving by the
driver and automated driving, which learns traveling data during the manual driving by the driver and executes processing
of applying the learning result to traveling properties of the automated driving. Specifically, the driving control device 1
preferentially uses traveling data of a case of no preceding vehicle traveling in front of the vehicle to execute traveling
property learning processing for learning a braking distance of a case where the vehicle stops at an intersection. In this
traveling property learning processing, the traveling data of the case of no preceding vehicle is selected from pieces of
traveling data during the manual driving, and the selected traveling data of the case of no preceding vehicle is used for
the learning. That s, only the traveling data of the case of no preceding vehicle is used for the learning. In this case, the
driving control device 1 includes a data-for-learning storage unit 21, a traveling property learning unit 23, and an automated
driving control execution unit 25.

[0012] In this embodiment, a case where the driving control device 1 is mounted in the vehicle; however, a commu-
nication device may be arranged in the vehicle, and a part of the driving control device 1 may be arranged in an external
server to execute the traveling property learning processing. In the case where the driving control device 1 is mounted
in the vehicle, it is possible to learn the traveling properties of the driver owning or using the vehicle. Then, it is possible
to store the traveling data of a predetermined period of time (for example, the latest one month) and reflect the traveling
data to the automated driving of the vehicle owned or used by the driver. On the other hand, in the case where the driving
control device 1 is arranged in the external server, itis possible to calculate more stable learning results since the learning
can be performed using the traveling data of a long period of time of the driver himself/herself. When the learning is not
completed yet, it is possible to use the traveling data of other drivers and reflect the average traveling properties of the
drivers in the area to the automated driving.

[0013] The traveling state detection unit 3 detects the traveling data indicating traveling states of the vehicle such as
a vehicle speed and rate of acceleration, presence or absence of the preceding vehicle, current location, display state
ofadirection indicator, lighting state of headlights, and operation state of wipers. For example, the traveling state detection
unit 3 is an in-vehicle network such as a CAN (Controller Area Network), navigation device, laser radar, camera, and
the like. Specifically, the traveling state detection unit 3 detects amounts of operations of a brake pedal and an accelerator
pedal of the vehicle and a speed and a rate of deceleration of the vehicle as data for detecting starting of deceleration
and stopping of the vehicle.
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[0014] The traveling environment detection unit 5 detects environment information that indicates an environment in
which the vehicle is traveling such as the number of lanes, speed limit, road grade, road curvature, display state of a
traffic light in front of the vehicle, distance to an intersection in front of the vehicle, planned course of the intersection in
front of the vehicle, and presence or absence of restriction on temporary stopping of a road where the vehicle is traveling.
For example, the traveling environment detection unit 5 is a camera, laser radar, or navigation device mounted in the
vehicle. Note that the display state of the traffic light in front of the vehicle and the presence or absence of restriction on
temporary stopping may be detected by using road-to-vehicle communication. The planned course of the intersection
in front of the vehicle is obtained from the navigation device, the display state of the direction indicator, and the like. In
addition, illuminance, temperature, and weather state around the vehicle are obtained from an illuminance sensor,
outside temperature sensor, and wiper switch, respectively. Note that the illuminance may be obtained from a switch of
the headlights.

[0015] The driving switching switch 7 is a switch that is mounted in the vehicle and manipulated by an occupant of the
vehicle for switching between the automated driving and the manual driving. For example, the driving switching switch
7 is a switch arranged on a steering of the vehicle.

[0016] The control state presentation unit 9 displays whether the current control state is the manual driving or the
automated driving on a meter display unit, display screen of the navigation device, head-up display, and the like. In
addition, the control state presentation unit 9 outputs announcement sounds for indicating starting and ending of the
automated driving and also indicates whether the learning of the traveling properties is done.

[0017] The actuator 11 receives an execution command from the driving control device 1 and drives units such as the
accelerator, brake, and steering of the vehicle.

[0018] Next, units forming the driving control device 1 are described. The data-for-learning storage unit 21 obtains the
traveling data on the traveling state of the vehicle from the traveling state detection unit 3 and the traveling environment
detection unit 5 and the environment information on the traveling environment around the vehicle and stores the data
required for the traveling property learning processing. Specifically, the data-for-learning storage unit 21 stores the
traveling data of the case of no preceding vehicle that is used for the learning of the braking distance of the case of
stopping at the intersection during the manual driving. In this process, the data-for-learning storage unit 21 stores the
traveling data of the case of no preceding vehicle while associating it with the traveling state and the traveling environment
of the vehicle. The stored traveling data is data such as a deceleration starting speed of the case where the vehicle
stops at the intersection when there is no preceding vehicle and a braking distance of the case where the vehicle stops
at the intersection when there is no preceding vehicle. Besides, the data-for-learning storage unit 21 stores data such
as the amounts of operations of the brake pedal and the acceleration pedal of the vehicle, a speed and a rate of
deceleration of the vehicle, and a distance to a stop line of the intersection. The data-for-learning storage unit 21 also
stores the environment information. The environment information is the number of lanes, road curvature, speed limit,
road grade, presence or absence of restriction on temporary stopping or display state of the traffic light of the road where
the vehicle is traveling, display state of the direction indicator, weather, temperature, or illuminance around the vehicle,
and so on.

[0019] The traveling property learning unit 23 reads the traveling data stored in the data-for-learning storage unit 21
and learns the traveling properties of the vehicle taking into consideration a degree of effects from the traveling state
and the traveling environment. Specifically, the traveling property learning unit 23 preferentially uses the traveling data
of the case of no preceding vehicle traveling in front of the vehicle and learns the braking distance of the case of stopping
at the intersection out of the traveling properties of the vehicle. In this process, the traveling property learning unit 23
selects the traveling data of the case of no preceding vehicle from pieces of the traveling data during the manual driving
and uses the selected traveling data of the case of no preceding vehicle for the learning. That is, only the traveling data
of the case of no preceding vehicle is used for learning the braking distance of the case where the vehicle stops at the
intersection. The traveling property learning unit 23 performs the learning taking into consideration the environment
information on the environment in which the vehicle is traveling and performs the learning in every trip of the vehicle. In
addition, a driving style of the driver may be determined based on the learning result of the braking distance of the case
of stopping at the intersection. The thus-calculated learning result is stored in the traveling property learning unit 23 as
needed.

[0020] The automated driving control execution unit 25 executes automated driving control when entering an automated
driving section or when the driver selects the automated driving using the driving switching switch 7. In this process, the
automated driving control execution unit 25 applies the learning result learned by the traveling property learning unit 23
to the traveling properties of the automated driving. Specifically, the learning result of the braking distance of the case
of stopping at the intersection is applied to the braking distance for the automated driving.

[0021] Note that, the driving control device 1 is formed of a general-purpose electronic circuitincluding a microcomputer,
microprocessor, and CPU and a peripheral device such as a memory. The driving control device 1 executes a specific
program to operate as the above-described data-for-learning storage unit 21, traveling property learning unit 23, and
automated driving control execution unit 25. Those functions of the driving control device 1 can be implemented by one
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or more processing circuits. The processing circuits include, for example, a programmed processing device such as a
processing device including an electricity circuit and also include a device such as an application-specific integrated
circuit (ASIC), which is arranged for executing the functions described in the embodiment, and a conventional circuit part.

[Procedure of Traveling Property Learning Processing]

[0022] Next, the procedure of the traveling property learning processing by the driving control device 1 according to
this embodimentis described with reference to the flowchart of Fig. 2. The traveling property learning processing illustrated
in Fig. 2 is started when ignition of the vehicle is turned on.

[0023] As illustrated in Fig. 2, first, in step S101, the data-for-learning storage unit 21 determines whether the vehicle
is manually driven based on the state of the driving switching switch 7. When the vehicle is manual driven, the process
proceeds to step S103, and when the vehicle is automatically driven, the traveling property learning processing ends
and the automated driving control is executed.

[0024] In step S103, the data-for-learning storage unit 21 detects the traveling data on the traveling state of the vehicle
and the environment information on the traveling environment around the vehicle from the traveling state detection unit
3 and the traveling environment detection unit 5. A vehicle speed, steering angle, rate of acceleration, rate of deceleration,
distance between the vehicle and the preceding vehicle, relative speed between the vehicle and the preceding vehicle,
current location, planned course of the intersection in front of the vehicle, amounts of operations of brake pedal and
accelerator pedal, lighting state of headlights, operation state of wipers, and so on are detected as the detected traveling
data. The number of lanes, road curvature, speed limit, road grade, presence or absence of restriction on temporary
stopping or display state of the traffic light of the road where the vehicle is traveling, distance from the vehicle to the
stop line of the intersection, display state of the direction indicator of the vehicle, weather, temperature, or illuminance
around the vehicle, and so on are detected as the environment information.

[0025] In step S105, the data-for-learning storage unit 21 determines whether there is no preceding vehicle traveling
in front of the vehicle. As a method of determining whether there is no preceding vehicle, it may be determined that there
is no preceding vehicle not only when the preceding vehicle is not detected but also when the preceding vehicle is
detected but the distance between the vehicle and the preceding vehicle is equal to or greater than a predetermined
value (for example, 50 m). When it is determined that there is no preceding vehicle, the process proceeds to step S107,
and when it is determined that there is the preceding vehicle, the process returns to step S103.

[0026] In step S107, the data-for-learning storage unit 21 determines whether the current traveling state of the vehicle
corresponds to exclusion factors. The exclusion factors are specified cases that are not suitable for obtaining the data
used for the learning of the traveling property. There are two exclusion factors: (A) the maximum rate of deceleration of
the case where the vehicle stops at the intersection is equal to or higher than a predetermined value (for example, 0.3
G); and (B) the deceleration starting speed of the case where the vehicle stops at the intersection is equal to or lower
than a predetermined value (for example, 10 km/h). When the current traveling state of the vehicle does not correspond
to these exclusion factors, the data-for-learning storage unit 21 allows the process to proceed to step S109, and when
the current traveling state of the vehicle corresponds to these exclusion factors, the process returns to step S103.
[0027] As described above, application of the exclusion factor (A) makes it possible to exclude data of a case of
unexpected sudden braking, and application of the exclusion factor (B) makes it possible to exclude data of, for example,
extremely low speed after driving off while creeping. Thus, setting of these exclusion factors (A) and (B) makes it possible
to obtain the traveling data of a case of normal deceleration state. Note that these exclusion factors are not necessarily
applied, and there may be a case of not applying these exclusion factors depending on the situation.

[0028] In step S109, the data-for-learning storage unit 21 stores the traveling data and the environment information,
which are detected in step S103 and selected by the processing in steps S105 and 107, as data for learning. Note that,
although the case of storing the data that is selected in advance is described in this embodiment, the data may be
selected by executing the processing of the above-described steps S105 and 107 after once storing all pieces of the
data during the manual driving.

[0029] Now, an example of the data for learning that is stored in the data-for-learning storage unit 21 is illustrated in
Fig. 3. As illustrated in Fig. 3, braking distance Db, deceleration starting speed Vb, data of x1 to x6 are stored as the
data for learning. The braking distance Db is a braking distance of the case where the vehicle stops at the intersection
when there is no preceding vehicle and is a traveling distance from a time point t1 at which the deceleration is started
to a time point at which the speed becomes zero as illustrated in Fig. 4. The deceleration starting speed Vb is the
deceleration starting speed of the case where the vehicle stops at the intersection when there is no preceding vehicle.
As illustrated in Fig. 4, the deceleration starts at the time point t1 at which the rate of acceleration of the vehicle becomes
equal to or lower than -0.1 G (the rate of deceleration becomes equal to or higher than 0.1 G) after the braking switch
is turned on by starting braking, and the speed at the time point t1 is defined as the deceleration starting speed Vb. If
the starting of deceleration is set at the time point t1 at which the rate of acceleration becomes equal to or lower than
the predetermined value as described above, itis possible to exclude a reaction distance and extract timing of the starting
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of deceleration that is intended by the driver. The rate of acceleration may be obtained by filtering an output value of a
sensor of the rate of acceleration or may be obtained based on a derivative value of the speed. In addition, an inflection
point of the speed may be set as a deceleration starting point by approximating the speed by a sigmoid function or a
logistic function.

[0030] x1 to x6 are pieces of data that are set based on the environment information and are each set to a value 0 or
1 in accordance with the setting method illustrated in Fig. 5. For example, once the data of the braking distance Db and
the deceleration starting speed Vb illustrated in Fig. 3 are obtained, x1 is set to 1 when the curvature of the road where
the vehicle is traveling is equal to or greater than a predetermined value, and x1 is set to 0 when the curvature is smaller
than the predetermined value. The speed limit may be applied instead of the road curvature. For example, x1 is set to
1 when the speed limit of the road where the vehicle is traveling is equal to or greater than a predetermined value (40
or 50 km/h), and x1 is set to 0 when the speed limit is smaller than the predetermined value.

[0031] In addition, x2 is set to 1 when the vehicle is traveling downhill and is set to O for other cases (flat road and
uphill), and x3 is set to 1 when the traffic light in front of the vehicle is a red light and is set to O for other cases (green
light or no traffic light). Note that the red light may include yellow light. x4 is set to 1 when it is night and is set to O for
other cases. Determination as to whether itis night may be made based on the lighting state of the headlights. In addition,
x5 is set to 1 when the weather around the vehicle is bad weather and is set to 0 when it is not bad weather. For
determination as to whether it is bad weather, it is determined as not bad weather when the wipers of the vehicle are
set to OFF or intermittent, and it is determined as bad weather when the wipers of the vehicle are set to ON. In this
process, conditions such as the temperature and illuminance may be added. For the case of applying the temperature
as the condition, x5 is set to 1 when the temperature measured by the outside temperature sensor is minus and is set
to 0 when the temperature measured by the outside temperature sensor is plus. This makes it possible to respond to
different properties of icy roads. For the case of applying the illuminance as the condition, x5 is set to 1 when the
illuminance sensor detects that it is bright and is set to 0 when the illuminance sensor detects that it is dark. The setting
may be made based on whether the headlights are lighted, instead of based on the illuminance sensor. x6 is set to 1
when the direction indicator is ON for turning the vehicle right or left and is set to 0 when the direction indicator is OFF.
[0032] Note that, although the case of classifying the data into two levels of 0 and 1 is described in Fig. 5, the data
may be classified into 3 or more levels. As described above, in the data for learning illustrated in Fig. 3, the environment
information of x1 to x6 are associated with the traveling data of the braking distance Db and the braking starting speed
Vb. Thus, in this embodiment, the traveling properties are learned by using the traveling data of the braking distance
Db and the deceleration starting speed Vb, and additionally, the traveling properties are learned while associating the
environment in which the vehicle is traveling with the braking distance.

[0033] Since the data stored as the data for learning is selected by the processing in the above-described steps S105
and 107, variation of the data is reduced. Fig. 6 illustrates an example of data that indicates a relationship of the
deceleration starting speed and the braking distance of the case of no preceding vehicle. On the other hand, Fig. 7
illustrates an example of data that indicates a relationship of the deceleration starting speed and the braking distance
of not only the case of not executing the processing in step S105, or the case of no preceding vehicle, but also the case
where there is the preceding vehicle. As seen from Fig. 7, when the selected data is not limited to the data of the case
of no preceding vehicle, the data is varied widely because the driver depends on deceleration of the preceding vehicle.
Thus, the accuracy of the learning cannot be improved by learning the relationship of the deceleration starting speed
and the braking distance in this case. In contrast, when the selected data is limited to the data of the case of no preceding
vehicle, the variation of the data is reduced as illustrated in Fig. 6 because the driver brakes without depending on the
preceding vehicle. Thus, when the selected data is limited to the data of the case of no preceding vehicle, it is possible
to accurately learn the braking distance that is based on the sensation of the driver and to improve the accuracy of the
learning.

[0034] In step S111, the data-for-learning storage unit 21 determines whether a predetermined amount of the data for
learning is stored, and when the amount does not reach the predetermined amount, the process returns to step S103,
and when the data for learning is accumulated to be equal to or greater than the predetermined amount, the process
proceeds to step S113.

[0035] In step S113, the traveling property learning unit 23 learns the traveling properties of the vehicle. Specifically,
the traveling property learning unit 23 uses the traveling data of the case of no preceding vehicle traveling in front of the
vehicle to learn the braking distance of the case where the vehicle stops at the intersection out of the traveling properties.
In the learning of the braking distance, for example, the learning is performed by creating a multiple regression model
expressed by the following equation (1) using datasets illustrated in Fig. 3:

[Math. 1]

Db = (c0 + clx1 + ¢2x2 + ¢3x3 + c4x4 + ¢5x5 + c6x6) Vb? + dVb (1),
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where

Vb is the deceleration starting speed, Db is the braking distance calculated based on the model, x1 to c6 are environment
factors, and c0 to c6 and d are coefficients obtained from the learning. The multiple regression model expressed by the
above equation (1) indicates that the braking distance of the case where the vehicle stops at the intersection is varied
depending on the environment factors.

[0036] The multiple regression model expressed by the equation (1) may respond to different types of deceleration
starting behavior. As indicated below, the equation (1) may be expressed as the equation (2), and the equation (3) may
be expressed based on the equation (1) and the equation (2):

[Math. 2]
Db =Vb*2a+dVb (2);
and
[Math. 3]
a=1/2 (c0+clxl +c2x2 + c¢3x3 + c4x4 + c5x5 + c6x6)  (3),
where

in the equations (2) and (3), a is an average rate of deceleration (m/s2), and in the equations (1) and (2), d is TTI (Time
to intersection: reaching time to the intersection of a case of assuming that the vehicle moves with the same speed as
the speed at the start of braking).

[0037] The type of the deceleration starting behavior is different depending on drivers; for example, there are a type
to start the braking so as to make the average rate of deceleration substantially constant regardless of the speed as
illustrated in Fig. 8, and a type to start the braking so as to make the TTI substantially constant (that is, so as to make
the rate of deceleration higher as the speed is higher) as illustrated in Fig. 9. The former type has a greater coefficient
of Vb2, and the latter type has a greater coefficient of Vb in the equation (1). The former type tends to have a lower
average rate of deceleration and a longer braking distance than the latter type. Note that Figs. 8 and 9 show an extreme
example, and there may also be a driver who takes the middle behavior. The multiple regression model of the equation
(1) is a model that can respond to environment factors and different types of the individual deceleration behaviors using
the coefficients of Vb2 and Vb.

[0038] Among the coefficients in the equation (1), cO and d are reference values that are set for the individual drivers
as illustrated in Fig. 5. c0 is an average value of the rate of deceleration of a case where values of x1 to x6 are 0, and
d is a degree of dependence on the TTI (that is, a degree of changing of the rate of deceleration according to the speed).
d becomes a value closer to 1 as the dependence on the TTl is higher.

[0039] The traveling property learning unit 23 performs the multiple regression analysis using the data for learning
illustrated in Fig. 3 to calculate the coefficients of cO to c6 in the equation (1). Since the data for learning used in this
process is only the traveling data of the case of no preceding vehicle as illustrated in Fig. 6, the variation is reduced. As
a result, the braking distance Db of the case of stopping at the intersection calculated from the equation (1) is formed
in a quadratic curve F in Fig. 6. As described above, in this embodiment, the braking distance of the case of stopping
at the intersection is learned with the quadratic curve using only the traveling data of the case of no preceding vehicle.
This makes it possible to accurately learn the braking distance that is based on the sensation of the driver.

[0040] As expressed by the equation (1), in this embodiment, it is possible to perform the learning considering the
environment information on the environment in which the vehicle is traveling by using the terms of c1x1 to c6x6. That
is, it is possible to correct the braking distance based on the environment information. The terms of c1x1 to ¢6x6 in this
embodiment are the coefficient of Vb2; however, they may be the coefficient of Vb.

[0041] Note that, as the data for learning, data of multiple trips may be used, or data of only one trip may be used.
When an enough amount of the data on the environment factors cannot be obtained from only one trip, the coefficients
of the environment factors may be calculated using the data for learning of multiple trips, and the coefficient of c0 as the
reference may be calculated using the data for learning in a trip. In this case, it is possible to provide a natural learning
result even when the trip of the day tends to be performed more carefully or tends to be more in a hurry than trips of
other days.

[0042] The braking distance may have different properties in the respective trips. For example, when there is a fellow
passenger or load, the driving may be careful to take into consideration the fellow passenger or load and the braking
distance may be longer by reducing the rate of deceleration. When the driver hurries to the destination, the driving tends
to be aggressive and the braking distance may be shorter to allow for the high rate of deceleration. Like this, the allowable
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rate of deceleration and braking distance may be different depending on feelings and conditions during the driving. If
the multiple regression analysis is performed in every trip, it is possible to obtain the properties of the braking distance
of the respective trips. In addition, if the braking distance for the automated driving is controlled with the properties of
the braking distance learned from the respective trips, it is possible to provide the automated driving control that corre-
sponds to the feelings of the driver and conditions during the trip.

[0043] When the road where the vehicle is traveling is curved, x1 in the equation (1) is set to 1, and thus the braking
distance Db in the equation (1) becomes a greater value than that of a case where the road is not curved. Thus, when
the road where the vehicle is traveling is curved, the braking distance Db is corrected to be longer than that of the case
where the road is not curved. A case of higher speed limit may be used instead of the case of the curved road. When
the speed limit of the road where the vehicle is traveling is equal to or greater than a predetermined value, the braking
distance Db is corrected to be longer than that of a case where the speed limit is smaller than the predetermined value.
[0044] Likewise, when the vehicle is traveling downhill, x2 in the equation (1) is set to 1, and thus the braking distance
Db in the equation (1) becomes a greater value than that of a case of traveling uphill. Thus, when the vehicle is traveling
downhill, the braking distance Db is corrected to be longer than that of the case of traveling uphill.

[0045] When the traffic light in front of the vehicle is the red light, x3 in the equation (1) is set to 1, and thus the braking
distance Db in the equation (1) becomes a greater value than that of a case where the traffic light is other than the red
light. Thus, when the traffic light in front of the vehicle is the red light, the braking distance Db is corrected to be longer
than that of the case where the traffic light is other than the red light.

[0046] In addition, when the vehicle is traveling at night, x4 in the equation (1) is set to 1, and thus the braking distance
Db in the equation (1) becomes a greater value than that of a case of not at night. Thus, when the vehicle is traveling
at night, the braking distance Db is corrected to be longer than that of the case of the time other than night.

[0047] When the weather around the vehicle is bad weather, x5 in the equation (1) is set to 1, and thus the braking
distance Db in the equation (1) becomes a greater value than that of a case where the weather is other than bad weather.
Thus, when the weather around the vehicle is bad weather, the braking distance Db is corrected to be longer than that
of the case of not bad weather.

[0048] In addition, when the direction indicator is ON and the vehicle turns right or left, x6 in the equation (1) is set to
1, and thus the braking distance Db in the equation (1) becomes a greater value than that of a case where the direction
indicator is OFF and the vehicle does not turn right or left. Thus, when the vehicle turns right or left, the braking distance
Db may be corrected to be longer than that of the case of not turning right or left.

[0049] In addition to the above-described learning of the traveling properties, the traveling property learning unit 23
may determine the driving style of the driver based on the learning result of the braking distance. The properties of the
braking distance may indicate the tendency that corresponds to the driving style of the individual driver. For example,
the coefficient c0 of Vb2 in the equation (1) reflects the degree of carefulness of the driver, and the degree of carefulness
becomes higher as the value of c0 is higher as illustrated in Fig. 10. That is, since the average rate of deceleration is
low and the braking distance is long when the driver has greater c0 (degree of carefulness is greater), the deceleration
is started earlier for the intersection, and it can be determined that the driver is careful. Fig. 10 illustrates that, the greater
the coefficient c0, the greater the degree of carefulness.

[0050] Since the coefficient d of Vb tends to be smaller as c0 is greater, it may be determined that, the smaller the
value of d, the greater the degree of carefulness, as illustrated in Fig. 11. It is also possible to determine the degree of
preciseness of the driver by using a determination coefficient R2 of the multiple regression model as illustrated in Fig.
12. The determination coefficient is a value that indicates a degree of fitting to the multiple regression model, and the
variation of the data is less and the data fits the model more as the determination coefficient is closer to 1. That s, it can
be considered that the braking distance is always constant as the determination coefficient is greater, and it can be
determined that the driver is precise person. The individual driving style determined in this way may be provided to the
driver himself/herself, or may be provided as information to the driver or a manager by comparing the determined driving
style with that of other drivers using the external server and determining how much the driver is precise among all the
drivers.

[0051] Instep S115, the traveling property learning unit 23 stores the coefficients of c0 to c6 in the calculated equation
(1) as the learning result and ends the traveling property learning processing according to this embodiment.

[Procedure of Automated Driving Control Processing]

[0052] Next, a procedure of automated driving control processing by the driving control device 1 according to this
embodiment is described with reference to a flowchart of Fig. 13.

[0053] As illustrated in Fig. 13, in step S201, the automated driving control execution unit 25 determines whether the
learning of the braking distance of the case of stopping at the intersection is completed by the traveling property learning
processing illustrated in Fig. 2. When the learning is completed, the process proceeds to step S203, and when the
learning is not completed, the process proceeds to step S211.
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[0054] First, a case where the learning of the braking distance is completed is described. In step S203, the automated
driving control execution unit 25 detects the traveling data on the traveling state of the vehicle and the environment
information on the traveling environment around the vehicle from the traveling state detection unit 3 and the traveling
environment detection unit 5.

[0055] In step S205, the automated driving control execution unit 25 sets the braking distance of the case of stopping
at the intersection based on the learning result. Specifically, the automated driving control execution unit 25 sets the
coefficients of c0 to c6 as the learning result in the equations (1) and (2) and calculates the braking distance Db of the
case of stopping at the intersection by inputting the detected deceleration starting speed to the equation (1). The auto-
mated driving control execution unit 25 then sets the calculated braking distance Db as the braking distance that is
applied to the automated driving. That is, the automated driving control execution unit 25 applies the learning result of
the braking distance as the braking distance for the automated driving.

[0056] In step S207, the automated driving control execution unit 25 executes the automated driving control using the
set braking distance. Specifically, the automated driving control execution unit 25 transmits a control execution command
to the actuator 11 and executes operations of the accelerator, brake, steering, and the like that are required for the
automated driving.

[0057] In step S209, the automated driving control execution unit 25 determines whether the automated driving is
done, and when the automated driving is not done yet, the process returns to step S203 to continue the automated
driving. On the other hand, when the automated driving is switched to the manual driving and the automated driving is
done, the automated driving control processing according to this embodiment ends.

[0058] Next, a case where the learning of the braking distance is not completed is described. In step S211, the
automated driving control execution unit 25 detects the traveling data on the traveling state of the vehicle and the
environment information on the traveling environment around the vehicle from the traveling state detection unit 3 and
the traveling environment detection unit 5.

[0059] In step S213, the automated driving control execution unit 25 sets the braking distance of the case of stopping
at the intersection to a predetermined value that is set in advance. A general value or average value of the braking
distance may be used as this predetermined value.

[0060] In step S215, the automated driving control execution unit 25 executes the automated driving control using the
set braking distance. Specifically, the automated driving control execution unit 25 transmits the control execution com-
mand to the actuator 11 and executes operations of the accelerator, brake, steering, and the like that are required for
the automated driving.

[0061] In step S217, the automated driving control execution unit 25 determines whether the automated driving is
done, and when the automated driving is not done yet, the process returns to step S211 to continue the automated
driving. On the other hand, when the automated driving is switched to the manual driving and the automated driving is
done, the automated driving control processing according to this embodiment ends.

[Effects of Embodiment]

[0062] As described in detail above, the traveling assistance method according to this embodiment is for a vehicle
capable of switching between manual driving by the driver and automated driving, in which a braking distance of a case
of no preceding vehicle in front of the vehicle is preferentially learned. This prevents learning of the braking distance in
the situation where the driver depends on deceleration of the preceding vehicle, and thus it is possible to accurately
learn the braking distance that is based on the sensation of the driver.

[0063] In the traveling assistance method according to this embodiment, only the braking distance of the case of no
preceding vehicle in front of the vehicle is learned. This enables the learning of the braking distance while excluding the
situation where the driver depends on deceleration of the preceding vehicle, and thus it is possible to accurately learn
the braking distance that is based on the sensation of the driver.

[0064] In addition, in the traveling assistance method according to this embodiment, the learning is performed using
a deceleration starting speed of the case where the vehicle stops at the intersection when there is no preceding vehicle
and a braking distance of the case where the vehicle stops at the intersection when there is no preceding vehicle. This
prevents using of the traveling data on the situation where the driver depends on deceleration of the preceding vehicle,
and thus it is possible to accurately learn the braking distance that is based on the sensation of the driver.

[0065] In the traveling assistance method according to this embodiment, a relationship of a deceleration starting speed
of a case where the vehicle stops at the intersection when there is no preceding vehicle and a braking distance of the
case where the vehicle stops at the intersection when there is no preceding vehicle is modeled in a quadratic curve.
This enables accurate understanding of the relationship of the deceleration starting speed and the braking distance,
and thus it is possible to accurately learn the braking distance that is based on the sensation of the driver.

[0066] In the traveling assistance method according to this embodiment, starting of deceleration of the vehicle is
detected from at least one of operation of a brake pedal, operation of an accelerator pedal, and a rate of deceleration
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of the vehicle. This makes it possible to accurately obtain the traveling data on starting of the deceleration by the driver.
Specifically, since the deceleration operation for operating the brake pedal is clear, it is possible to obtain traveling data
that has the least variation. When traveling data on not operating the accelerator pedal is obtained, it is possible to obtain
data that is additionally including data on a deceleration preparing behavior. In addition, when it is determined that the
deceleration is started when the rate of deceleration becomes equal to or lower than a predetermined value, it is possible
to detect deceleration operations of any cases.

[0067] In addition, in the traveling assistance method according to this embodiment, stopping of the vehicle is detected
when a speed of the vehicle becomes equal to or lower than a predetermined value. This enables reliable detecting of
the stopping of the vehicle, and it is possible to accurately learn the braking distance.

[0068] In the traveling assistance method according to this embodiment, a distance from starting of deceleration of
the vehicle to a stop line of the intersection is the braking distance. This makes it possible to obtain the braking distance
regardless of a location at which the vehicle actually stops.

[0069] In addition, in the traveling assistance method according to this embodiment, it is determined that there is no
preceding vehicle when the preceding vehicle is not detected and when a distance between the vehicle and the preceding
vehicle is equal to or greater than a predetermined value. This makes it possible to reliably obtain the traveling data of
the case of no preceding vehicle.

[0070] In the traveling assistance method according to this embodiment, a braking distance that makes the maximum
rate of deceleration equal to or higher than a predetermined value in the case where the vehicle stops at the intersection
is not used. This enables excluding of the traveling data of the case of unexpected sudden braking, and thus it is possible
to perform accurate learning using the traveling data of a stable situation.

[0071] In addition, in the traveling assistance method according to this embodiment, a braking distance that makes a
deceleration starting speed equal to or lower than a predetermined value in the case where the vehicle stops at the
intersection is not used. This enables excluding of the traveling data of, for example, extremely low speed after driving
off while creeping, and thus it is possible to perform accurate learning using the traveling data of a stable situation.
[0072] In the traveling assistance method according to this embodiment, the learning is performed while associating
an environment in which the vehicle is traveling with the braking distance. The braking distance of the case of stopping
atthe intersection has different properties depending on the environment conditions. Thus, itis possible to learn a braking
distance reflecting the environment conditions by performing the multiple regression analysis taking into consideration
the environment in which the vehicle is traveling.

[0073] In addition, in the traveling assistance method according to this embodiment, the number of lanes, road cur-
vature, speed limit, road grade, and presence or absence of restriction on temporary stopping or display state of a traffic
light of a road where the vehicle is traveling are used as the environment in which the vehicle is traveling. Moreover, a
display state of a direction indicator of the vehicle and weather, temperature, or illuminance around the vehicle are used.
This makes it possible to learn the braking distance individually and specifically reflecting the different environment
conditions.

[0074] Inthe traveling assistance method according to this embodiment, when the learning resultis applied to traveling
properties of the automated driving, whether the vehicle is traveling downhill is determined, and when the vehicle is
traveling downhill, the traveling properties are set such that the braking distance becomes longer than that of a case of
traveling uphill. This enables improvement of the safety at the downhill at which the braking is difficult, and thus it is
possible to provide the driver with a feeling of safety.

[0075] In addition, in the traveling assistance method according to this embodiment, when the learning result is applied
to traveling properties of the automated driving, whether the vehicle turns right or left is determined, and when the vehicle
turns right or left, the traveling properties are set such that the braking distance becomes longer than that of a case of
not turning right or left. This enables improvement of the safety when turning right or left, and thus it is possible to provide
the driver with a feeling of safety.

[0076] Inthe traveling assistance method according to this embodiment, when the learning resultis applied to traveling
properties of the automated driving, whether a traffic light in front of the vehicle is a red light is determined, and when
the traffic light in front of the vehicle is the red light, the traveling properties are set such that the braking distance becomes
longer than that of a case where the traffic light is other than the red light. This enables improvement of the safety when
the traffic light is the red light and the vehicle has to stop, and thus it is possible to provide the driver with a feeling of safety.
[0077] In addition, in the traveling assistance method according to this embodiment, when the learning result is applied
to traveling properties of the automated driving, whether a road where the vehicle is traveling is curved is determined,
and when the road where the vehicle is traveling is curved, the traveling properties are set such that the braking distance
becomes longer than that of a case where the road is not curved. This enables improvement of the safety at the curved
road with poor visibility, and thus it is possible to provide the driver with a feeling of safety.

[0078] Inthe traveling assistance method according to this embodiment, when the learning resultis applied to traveling
properties of the automated driving, whether the vehicle is traveling at night is determined, and when the vehicle is
traveling at night, the traveling properties are set such that the braking distance becomes longer than that of a case of
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not at night. This enables improvement of the safety at dark night with poor visibility, and thus it is possible to provide
the driver with a feeling of safety.

[0079] In addition, in the traveling assistance method according to this embodiment, when the learning result is applied
to traveling properties of the automated driving, whether weather around the vehicle is bad weather is determined, and
when the weather around the vehicle is bad weather, the traveling properties are set such that the braking distance
becomes longer than that of a case of not bad weather. This enables improvement of the safety when it is bad weather
around the vehicle, and thus it is possible to provide the driver with a feeling of safety.

[0080] Inthe traveling assistance method according to this embodiment, when the learning resultis applied to traveling
properties of the automated driving, whether a speed limit of a road where the vehicle is traveling is equal to or greater
than a predetermined value is determined, and when the speed limit of the road where the vehicle is traveling is equal
to or greater than the predetermined value, the traveling properties are set such that the braking distance becomes
longer than that of a case where the speed limit is smaller than the predetermined value. This enables improvement of
the safety on a road on which the vehicle speed becomes high, and thus it is possible to provide the driver with a feeling
of safety.

[0081] In addition, in the traveling assistance method according to this embodiment, a driving style of the driver is
determined based on the learning result of the braking distance. This enables obtainment of a qualitative tendency of
the driver, and thus it is possible to improve the safety by referring to the driving style during the manual driving.
[0082] In the traveling assistance method according to this embodiment, an external server is provided outside of the
vehicle, and the braking distance is learned using the external server. This makes it possible to reduce processing loads
of the vehicle.

[0083] In addition, in the traveling assistance method according to this embodiment, the learning result of the braking
distance is applied to a braking distance for the automated driving of the vehicle. This enables application of the braking
distance that is learned using the traveling data of the case of no preceding vehicle to the automated driving, and thus
it is possible to provide automated driving that is based on the sensation of the driver.

[0084] Note that the above-described embodiment is an example of the present invention. Thus, the present invention
is not limited to the above-described embodiment, and it is needless to say that the present invention can be modified
to a variety of modes other than the present embodiment depending on design and the like without departing from the
technical idea according to the present invention.

REFERENCE SIGNS LIST

[0085]

1 driving control device

3 traveling state detection unit

5 traveling environment detection unit
7 driving switching switch

9 control state presentation unit

11 actuator

21 data-for-learning storage unit

23 traveling property learning unit
25 automated driving control execution unit
100  driving control system

Claims

1. Atraveling assistance method for a driving control device in a vehicle capable of switching between manual driving
by a driver and automated driving, the driving control device learning a braking distance of a case of stopping at an
intersection during the manual driving by the driver and applying the learning result to traveling properties of the
automated driving, wherein
a braking distance of a case of no preceding vehicle in front of the vehicle is preferentially learned.

2. The traveling assistance method according to claim 1, wherein
only the braking distance of the case of no preceding vehicle in front of the vehicle is learned.

3. The traveling assistance method according to claim 1, wherein
the learning is performed using a deceleration starting speed of a case where the vehicle stops at the intersection
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when there is no preceding vehicle in front of the vehicle and a braking distance of the case where the vehicle stops
at the intersection when there is no preceding vehicle in front of the vehicle.

The traveling assistance method according to any one of claims 1 to 3, wherein

a relationship of a deceleration starting speed of a case where the vehicle stops at the intersection when there is
no preceding vehicle in front of the vehicle and a braking distance of the case where the vehicle stops at the
intersection when there is no preceding vehicle in front of the vehicle is modeled in a quadratic curve.

The traveling assistance method according to any one of claims 1 to 4, wherein
starting of deceleration of the vehicle is detected from at least one of operation of a brake pedal, operation of an
accelerator pedal, and a rate of deceleration of the vehicle.

The traveling assistance method according to any one of claims 1 to 5, wherein
stopping of the vehicle is detected when a speed of the vehicle becomes equal to or lower than a predetermined value.

The traveling assistance method according to any one of claims 1 to 6, wherein
a distance from starting of deceleration of the vehicle to a stop line of the intersection is the braking distance.

The traveling assistance method according to any one of claims 1 to 7, wherein
it is determined that there is no preceding vehicle when the preceding vehicle in front of the vehicle is not detected
and when a distance between the vehicle and the preceding vehicle is equal to or greater than a predetermined value.

The traveling assistance method according to any one of claims 1 to 8, wherein
a braking distance that makes the maximum rate of deceleration equal to or higher than a predetermined value in
the case where the vehicle stops at the intersection is not used.

The traveling assistance method according to any one of claims 1 to 9, wherein
a braking distance that makes a deceleration starting speed equal to or lower than a predetermined value in the
case where the vehicle stops at the intersection is not used.

The traveling assistance method according to any one of claims 1 to 10, wherein
the learning is performed while associating an environmentin which the vehicle is traveling with the braking distance.

The traveling assistance method according to claim 11, wherein

the environment in which the vehicle is traveling is at least one of the number of lanes, road curvature, speed limit,
road grade, presence or absence of restriction on temporary stopping or display state of a traffic light of a road
where the vehicle is traveling, display state of a direction indicator of the vehicle, and weather, temperature, or
illuminance around the vehicle.

The traveling assistance method according to any one of claims 1 to 12, wherein

when the learning result is applied to traveling properties of the automated driving,

whether the vehicle is traveling downhill is determined, and

when the vehicle is traveling downhill, the traveling properties are set such that the braking distance becomes longer
than that of a case of traveling uphill.

The traveling assistance method according to any one of claims 1 to 13, wherein

when the learning result is applied to traveling properties of the automated driving,

whether the vehicle turns right or left is determined, and

when the vehicle turns right or left, the traveling properties are set such that the braking distance becomes longer
than that of a case of not turning right or left.

The traveling assistance method according to any one of claims 1 to 14, wherein

when the learning result is applied to traveling properties of the automated driving,

whether a traffic light in front of the vehicle is a red light is determined, and

when the traffic light in front of the vehicle is the red light, the traveling properties are set such that the braking
distance becomes longer than that of a case where the traffic light is other than the red light.

The traveling assistance method according to any one of claims 1 to 15, wherein
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when the learning result is applied to traveling properties of the automated driving,

whether a road where the vehicle is traveling is curved is determined, and

when the road where the vehicle is traveling is curved, the traveling properties are set such that the braking distance
becomes longer than that of a case where the road is not curved.

The traveling assistance method according to any one of claims 1 to 16, wherein

when the learning result is applied to traveling properties of the automated driving,

whether the vehicle is traveling at night is determined, and

when the vehicle is traveling at night, the traveling properties are set such that the braking distance becomes longer
than that of a case of not at night.

The traveling assistance method according to any one of claims 1 to 17, wherein

when the learning result is applied to traveling properties of the automated driving,

whether weather around the vehicle is bad weather is determined, and

when the weather around the vehicle is bad weather, the traveling properties are set such that the braking distance
becomes longer than that of a case of not bad weather.

The traveling assistance method according to any one of claims 1 to 18, wherein

when the learning result is applied to traveling properties of the automated driving,

whether a speed limit of a road where the vehicle is traveling is equal to or greater than a predetermined value is
determined, and

when the speed limit of the road where the vehicle is traveling is equal to or greater than the predetermined value,
the traveling properties are set such that the braking distance becomes longer than that of a case where the speed
limit is smaller than the predetermined value.

The traveling assistance method according to any one of claims 1 to 19, wherein
a driving style of the driver is determined based on the learning result of the braking distance.

The traveling assistance method according to any one of claims 1 to 20, wherein
an external server is provided outside of the vehicle, and the braking distance is learned using the external server.

The traveling assistance method according to any one of claims 1 to 21, wherein
the learning result of the braking distance is applied to a braking distance for the automated driving of the vehicle.

A driving control device in a vehicle capable of switching between manual driving by a driver and automated driving,
the driving control device learning a braking distance of a case of stopping at an intersection during the manual
driving by the driver and applying the learning result to traveling properties of the automated driving, wherein

a braking distance of a case of no preceding vehicle in front of the vehicle is preferentially learned.
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